Background: Isolated pancreatic metastases or pancreatic metastases with limited extrapancreatic disease are uncommon and account for only 2-4% of resected malignant pancreatic lesions in surgical series. However, clear-cell renal cell carcinoma is the predominant primary tumor and accounts for more than 60% of cases with isolated pancreatic metastases. Pancreatectomy is the treatment of choice for most patients with isolated pancreatic metastases from renal cell cancer. Summary: This review provides an overview of clinical presentation and diagnosis as well as surgical management, including patient selection for surgery and surgical technique for pancreatic metastases of renal cell carcinoma. Key Message: Although there is no high-level evidence that surgical resection of pancreatic metastases improves survival, the survival results of several observational series and of systematic reviews are promising and support pancreatic resection as part of a multimodal treatment. The reported median survival and 5-year survival rates after pancreatic resection range from 6 to 10 years and from 55 to 75%, respectively. Pancreatic resection is effective for local control. However, extrapancreatic progression frequently occurs. With the introduction of novel systemic therapy options such as tyrosine kinase inhibitors, the prognosis of metastatic renal cell carcinoma has improved, and this will affect the role of pancreatic resection for metastases. Practical Implications: Pancreatic resection for isolated renal cell carcinoma is safe and effective, may confer a survival benefit and should, therefore, be considered in patients for whom no contraindication for surgery exists.
The Pancreas as a Site of Metastases
Resection has become an established part of the standard therapy for liver and lung metastases of colorectal cancer and of several other primary tumors [1, 2] . The value and benefit of surgical resection for metastatic disease largely depends on the biological behavior of the primary tumor and the availability of effective systemic treatments. Unlike the liver and lung, the pancreas is an uncommon site of metastases [3] . In an autopsy series 3-12% of patients with diffuse systemic disease have pancreatic metastases [4] . Metastases account for only about 2-4% of malignant lesions in the pancreas in a series of surgical resection [3] . However, this number may increase up to 40% in patients with a pancreatic mass and a history of malignant disease, especially renal cell carcinoma (RCC). The literature is dominated by multiple case reports and small case series and a few larger observational studies of surgical resection for pancreatic metastases. Many of these reports are heterogeneous and include the following: (1) metastases of different primary tumors, (2) isolated pancreatic metastases and pancreatic metastases in the context of limited (resectable) extrapancreatic disease and (3) synchronous and metachronous pancreatic metastases. Clear-cell RCC is by far the most common primary tumor for isolated pancreatic metastases and dominates the surgical series, accounting for more than 60% of cases [5, 6] . All other primary tumors are much less frequent, and other primary tumors from the urogenital tract are very rarely the origin of isolated pancreatic metastasis ( table 1 ) .
In the following the management of pancreatic metastases from RCC will be discussed with a focus on the role of surgical therapy, including clinical presentation, diagnostic workup, patient selection, and resection technique.
Clinical Presentation and Diagnostic Workup
With respect to the clinical presentation, patients with pancreatic metastases can be divided into patients that present with symptoms and patients in whom the metastases are detected by cross-sectional imaging during a routine oncological follow-up examination or as an incidental finding of imaging for other reasons. Therefore, the clinical presentation largely depends on the existence of and compliance with routine oncological surveillance programs as well as the biology of the primary tumor entity. Isolated pancreatic metastases for RCC typically become evident as a metachronous disease with a long interval of 10 and more years after primary tumor resection even of small RCC [6, 7] . Therefore, many of the affected patients may already have been discharged from surveillance and present due to symptoms. In studies that include patients from previous decades, 60-90% of patients presented due to symptoms [7, 8] , whereas in our own series only 18% of metastases were diagnosed due to symptoms and 82% were detected during oncological follow-up [6] . This shift is most likely due to increasing adherence to standardized follow-up programs and broader use of crosssectional imaging techniques. In a recent systematic review of 399 patients (250 with RCC) the mean age of patients with pancreatic metastases was 61.7 years, with 42% female and 40% symptomatic at presentation [9] . Dependent of the location of the metastases in the pancreas, the most frequent complaints of symptomatic patients are upper abdominal pain, obstructive jaundice and gastrointestinal bleeding. Symptomatic patients tend to have bigger lesions than asymptomatic patients, and patients with symptoms appear to have a worse prognosis [8] . These findings suggest that symptoms will eventually develop as local complications during the progression of pancreatic metastases and point to an indication for surgical resection not only in curative intention but also for palliation.
The preferred imaging for staging and surveillance is contrast-enhanced CT followed by MRI. Pancreatic metastasis of RCC typically present as hypervascularized, contrast-enhancing lesions that are best visible in the arterial phase [10] . A typical CT finding is demonstrated in figure 1 . Another feature of metastases is their multifocality within the pancreas (40% in pathological workup in our own series [6] ). In patients with a history of RCC such lesions are highly suspicious for pancreatic metastases. A biopsy is usually not required. In contrast, the importance of a state-of-the-art restaging is highlighted by the high frequency of additional extrapancreatic lesions in patients with pancreatic metastases. A thorough workup may include a whole-body CT scan. If additional extrapancreatic disease is suspected, a PET scan is recommended to identify patients with diffuse spread who will not benefit from surgery.
While disseminated metastatic disease is a contraindication for surgery, the option of surgical resection should be evaluated in isolated pancreatic metastases or pancreatic metastases with limited extrapancreatic disease.
Surgery for Pancreatic Metastases of RCC
Within the last decade the indications for pancreatic surgery have been significantly extended, mainly due to improvements in surgical technique, resulting in considerably decreased morbidity and mortality of pancreatic resections [11] . At the same time the prognosis of many cancers has improved even in the metastatic situation with the development of more effective drugs and targeted therapies. While some years ago the literature on pancreatic resections for metastases consisted only of case reports and small series that were certainly subject to publication bias, there are meanwhile several larger (10- Based on combined data from Reddy et al. [5] and Strobel et al. [6] and modified from Strobel et al. [3] . Primary tumors in the urogenital tract are printed in italics. [5, 6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and even systematic reviews [7, 8, [26] [27] [28] on surgical resection for pancreatic metastases and RCC ( table 2 ) . However, there are still no prospective studies or randomized controlled trials on this topic. Overall, the recent series and the systematic reviews suggest that resection for pancreatic metastases is safe, effective and associated with favorable long-term outcome. This is best documented for RCC, which is by far the predominant primary tumor in pancreatic metastases ( table 1 ) . Based on these recent data, pancreatic resection can be recommended as part of an interdisciplinary treatment for RCC metastasis to the pancreas.
Safety of Resection for Pancreatic Metastases
In a recent systematic review including 18 series with more than 10 cases and a total of 399 patients a mortality rate of 2.21% and a morbidity rate of 39.85% (including minor complications) were reported for resection of isolated pancreatic metastases [9] . Resections for metastatic disease may be more difficult than those for primary pancreatic tumors due to the necessity of adhesiolysis after previous surgery in around 80% of cases and the necessity of multivisceral resections. In our own series, which included 41% of multivisceral resections, we reported a mortality rate of 4.4% and a morbidity rate of 33% [6] . These findings are comparable to the number reported for primary pancreatic malignancies and show that resection for pancreatic metastases can be performed safely by specialized surgeons.
Oncological Outcome after Resection for Pancreatic RCC Metastases
The oncological long-term results of the largest series and of several systematic reviews of pancreatic resection for RCC metastases are summarized in table 2 and show a favorable outcome. Overall, the reported median survival varies between 5 and 10 years and the reported 5-year survival rates vary between 44 and 88%. This heterogeneity has several reasons, including the following: (1) some series include only isolated pancreatic metastases, while others also include patients with resectable extrapancreatic disease, (2) the follow-up times vary between studies and (3) the early systematic reviews included case reports, and small series and are more subject to publication bias. The recent systematic review by Adler et al. [9] probably provides the most solid survival data and reports a median survival of 71.7 months and a 5-year survival rate of 70.4% after resection of pancreatic metastases of RCC. In series including several primary tumors RCC histology was consistently associated with longer survival compared to other primary tumors [5, 6, 15, 29] .
Although 57% of cases in our own series had additionally extrapancreatic metastatic disease, we observed an overall 5-year survival rate of 56.8% and that of 67.3% after resection Series: only series with 10 or more cases of RCC that report either median or 5-year survival or both. NR = Not reported. of RCC metastases; the 5-year survival rate after resection of isolated pancreatic metastases was 75% [6] .
Efficacy of Resection for Pancreatic Metastases
With the lack of controlled trials comparing resection to conservative management, the true effect of pancreatic resection on survival cannot be formally proven. Three reports observed longer survival in patients after resection compared to noncontrolled groups with unresectable disease, but this may be explained by selection [7, 8, 25] . The value of metastasectomy also depends on the efficacy of the available systemic treatment. The development of novel drugs such as tyrosine kinase inhibitors has improved survival of metastasized RCC, and this may impact the value of surgical resection. A recent noncontrolled study retrospectively compared management by surgical resection in 44 patients to conservative treatment with tyrosine kinase inhibitors in 59 patients and observed a median overall survival of 103 months versus 86 months, respectively (p = 0.201) [18] . By multivariate analysis surgical resection was not independently associated with survival. However, 18% of the resected patients remained disease free. Future studies have to show the value of surgery for pancreatic RCC metastases in the era of novel and more effective systemic treatments. As a cure can only be achieved with surgical resection, it can be expected that pancreatic resections for RCC metastases will be increasingly performed and will be established as part of the multimodal standard treatment even in the absence of randomized controlled trials, as was the case with hepatic and pulmonary resections for colorectal cancer metastasis.
Apart from the long overall survival, another point supporting resection for pancreatic metastases is the good local tumor control. In our series the local tumor control after 5 years was 87%, while the 5-year disease-free survival rate was only 33% because of distant metastases [6] . On the one hand, this underlines the importance of multimodal therapy, including systemic treatment, in these patients. On the other hand, these data show that pancreatic resection is highly effective for local control, including the control of the symptoms associated with pancreatic metastasis such as pain, cholestasis and gastrointestinal bleeding.
Patient Selection for Surgery
Decision making and selection of patients for surgery has to be performed individually based on several parameters that should include patient age, comorbidity and resulting perioperative risk, the interval between primary tumor resection and pancreatic metastases, and the pattern of metastatic spread. Ideally, the decision process should involve both the medical oncologist and experienced pancreatic surgeons and does not differ much from decision making for resection of other metastatic sites such as the liver and lung.
History of the Disease
A prolonged interval (e.g. >36 months) between the primary tumor and the occurrence of the pancreatic metastasis is associated with improved survival. Of importance, a previous recurrence appears to affect disease-free but not overall survival after pancreatic metastasectomy [6] .
Pattern of Recurrent Disease
As one may expect, the presence of extrapancreatic disease is associated with shorter disease-free and overall survival [6] . This further highlights the importance of a thorough diagnostic workup to rule out local or extrapancreatic systemic recurrence of the primary tumor, as discussed above. However, the survival results show that additional extrapancreatic disease should not preclude a patient from resection if the pattern is not multifocal/ diffuse and if a complete resection can be expected.
Local Resectability
In contrast to pancreatic ductal adenocarcinoma, pancreatic metastases are in most cases easily resectable from a technical point of view. However, a total pancreatectomy is often necessary for multifocal pancreatic metastases. Based on preoperative imaging, this aspect has to be taken into account, and the consequence of brittle diabetes has to be thoroughly discussed with the patients. With appropriate management total pancreatectomy is associated with a good quality of life and does not negatively affect survival [30] .
In the recent study by Santoni et al. [31] , the Memorial Sloan Kettering Cancer Center prognostic criteria for advanced RCC are an independent predictor of survival in patients with pancreatic RCC metastases and may, therefore, be useful for patient selection [18] .
Technique of Resection for Pancreatic RCC Metastases
There are no studies comparing different techniques of pancreatic resection for metastases. However, most larger studies have described radical resections, and in one study a high rate of pancreatic recurrences was observed after limited resections [12] . In our series we performed standard partial resections but avoided total pancreatectomy whenever possible and observed only 2 pancreatic recurrences after 30 partial pancreatectomies (6.7%) [6] . As pancreatic metastases are frequently multifocal, a thorough exploration of the pancreatic remnant by palpation and intraoperative ultrasound is mandatory whenever a partial pancreatectomy is performed. As the two largest series showed that pancreatic metastases of RCC are associated with peripancreatic lymph node metastases in 26-30% of cases [5, 6] , a standard peripancreatic lymphadenectomy should be performed during pancreatic resection for metastases. Overall, standard partial pancreatectomy combined with standard lymphadenectomy rather than limited local resection is recommended for the treatment of pancreatic RCC metastases. If complete tumor resection can be achieved by total pancreatectomy and multivisceral resections these procedures should be performed.
Conclusion
Metastases of RCC account for the vast majority of pancreatic metastases. Isolated pancreatic metastases of RCC typically appear with a long interval of 10 years and more after resection of the primary tumor. This should be taken into account for the design of surveillance after the resection of RCC. Pancreatic RCC metastases have typical imaging features and present as hypervascularized, contrast-enhancing lesions that are best visible by CT scan in the arterial phase. Surgical resection of isolated RCC metastases is associated with favorable survival and should always be considered as part of a multimodal treatment in patients who are fit for surgery.
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